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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a filledskutterudite-family thermoelectric conversion 
material that does not contain any lead, is manufactured by a simple process where grinding and 
hot press are eliminated, shows high thermoelectric characteristics in a medium-temperature 
region of 700 K or less, and has excellent thermoelectric conversion efficiency. 
SOLUTION: Current flows in an in-plain direction being vertical to the quenching direction for 
obtaining a material where a metal mass obtained by allowing the thermoelectric conversion 
material to be subjected to fluxing and quenching is heat-treated. In this case, the 
thermoelectric conversion material is mainly composed of a filledskutterudite compound. In the 
thermoelectric conversion material, the main part of the material is shown by a composition 
expression LnXT4Pn12. In this case, Ln is at least one kind selected from a group of La, Ce, Pr, 
Nd, Sm, Eu, Gd, Th, Dy, Ho, Er, Tm, Yd, Lu, Th, and U, T is at least one kind this selected from a 
group of Fe, Ru, Os, Co, Rh, Ir, Ni, Pd, and Pt, Pn is at least one kind selected from a group of 
P, As, Sb, S, Se, and Te, and X is equal to or more than 0.2 and equal to or less than 1 . 
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JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] the main part of an ingredient — empirical formula LnXT4Pn12 (Ln is chosen from the 
group of La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Th, and U — at least — a kind — 
) T that it is few as being chosen out of the group of Fe, Ru, Os, Co, Rh, Ir, nickel, Pd, and Pt A 
kind, Pn that it is few as being chosen out of the group of P, As, Sb, S, Se, and Te A kind, X 
consists of a fill DOSUKUTTERUDAITO compound shown or less [ 0.2 or more ] by one. the 
remainder of an ingredient — an empirical formula TPn2 (T is chosen from the group of Fe, Ru, 
Os, Co, Rh, Ir, nickel, Pd, and Pt — at least — a kind — ) Pn is a thermoelectrical conversion 
ingredient with which crystal grain of the intermetallic compound which is chosen from the group 
of P, As, Sb, S, Se, and Te, and which is shown by kind at least is characterized by passing a 
current to field inboard perpendicular to said array direction in the thermoelectrical conversion 
ingredient which it comes to arrange in the shape of a chain. 

[Claim 2] It is the thermoelectric element characterized by said p mold thermoelectrical 
conversion ingredient being a thermoelectrical conversion ingredient according to claim 1 in the 
thermoelectric element which consists of p mold thermoelectrical conversion ingredient and n 
mold thermoelectrical conversion ingredient which were connected electrically. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the thermoelectrical conversion 
ingredient of a fill DOSUKUTTERUDAITO system, and the thermoelectric element using it with 
respect to a thermoelectrical conversion ingredient and a thermoelectric element. 
[0002] 

[Description of the Prior Art] In recent years, the interest about the thermoelectric cooling 
element which used the ** RUCHIE effectiveness which is a chlorofluocarbon loess cryogenic 
system from the raising of consciousness to global environment problems is increasing. 
Moreover, similarly, in order to reduce carbon-dioxide emissions, the interest about the 
thermoelectric generation component using the Seebeck effect which offers the generation-of~ 
electrical-energy system using unused waste heat energy is increasing. 

[0003] The thermoelectric-cooling ingredient of p mold used for such a component and n mold 
and a thermoelectric generation ingredient have many which used the single crystal or 
polycrystal of a Bi-Te system from the height of effectiveness. Moreover, the Pb-Te system is 
too used for the thermoelectric material used at an elevated temperature from a room 
temperature for p mold and n mold from the height of effectiveness. 

[0004] Pb (lead) used for the thermoelectric element used at an elevated temperature is more 
poisonous than a room temperature for the body — it is harmful and is not desirable from a 
viewpoint of global environment problems. For this reason, in an elevated-temperature side, it is 
more efficient than a Pb-Te system from a room temperature until now, and empirical formula 
LnXT4Pn12 (Ln is chosen from the group of La, Ce, Pr, Nd, Sm, Eu, Gd, Th, and U — at least — 
a kind — ) by which examination of various ingredients harmless as an ingredient is made T that 
it is few as being chosen out of the group of Fe, Ru, Os, Co, Rh, Ir, nickel, Pd, and Pt A kind, The 
fill DOSUKUTTERUDAITO compound with which Pn is chosen from the group of P, As, Sb, S, Se, 
and Te and in which a kind and X at least are shown or less [ 0.2 or more ] by one The cubic 
structure represented with CoSb3 is shown, and there is also no toxicity (for example, J -P. 
Fleurial, et al., Proc. 15th Intl. Conf. Termoelectrics, 91-95(1996).). 

[0005] By the way, when alpha and resistivity are set to rho and the non-dimension performance 
index Z of a thermoelectrical conversion ingredient sets thermal conductivity to kappa, 2/[ of 
ZT=alpha ] rhokappa shows the Seebeck coefficient which shows the electromotive force of the 
thermoelectrical conversion ingredient in absolute temperature T. The property as a 
thermoelectrical conversion ingredient is excellent, so that the value of ZT is high. 
[0006] There is an object in which the high thermoelectrical transfer characteristic of ZT>1 is 
shown in said fill DOSUKUTTERUDAITO compound, for example, CeFe3CoSb12 — the 

compound of a presentation — 900K less — the high thermoelectrical engine performance of 

dimension performance-index ZT=1.4 was shown (J. -P. Fleurial, et al., Proc. 15th Intl. Conf. 
Termoelectrics, 91-95(1996).). 

[0007] However, in order to take out a property, vacuum enclosure of the preparation powder 
was carried out at the quartz tube, the regulus (ingot) which it quenched after melting and was 
obtained was heat-treated, and the complicated production process of having carried out the 
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hotpress of the powder ground after cooling, and obtaining a cast was needed. There was no 
report of the ingredient in which the high thermoelectrical engine performance by the easy 
process which does not need a complicated production process called a hotpress is shown in the 
former. 
[0008] 

[Problem(s) to be Solved by the Invention] As mentioned above, fill DOSUKUTTERUDAITO 
known conventionally needs [ it is restricted to 900K or more high temperature regions, and ] a 
hotpress for the production process and was complicated although the large thermoelectrical 
conversion ingredient of the non-dimension performance index ZT with a large Seebeck 
coefficient was obtained. 

[0009] This invention is made in view of such a problem, and aims at providing, where the regulus 
which quenched the big thermoelectrical conversion ingredient of the non-dimension 
performance index ZT after melting, and obtained it in the 700K or less degree region of 
moderate temperature is heat-treated using rare earth elements and a transition-metals 
ingredient excellent in environment nature. 
[0010] 

[Means for Solving the Problem] the thermoelectrical conversion ingredient of this invention — 
the main part of an ingredient — empirical formula LnXT4Pn12 (Ln is chosen from the group of 
La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Th, and U — at least — a kind — ) T that 
it is few as being chosen out of the group of Fe, Ru, Os, Co, Rh, Ir, nickel, Pd, and Pt A kind, Pn 
that it is few as being chosen out of the group of P, As, Sb, S, Se, and Te A kind, X consists of a 
fill DOSUKUTTERUDAITO compound shown or less [ 0.2 or more ] by one. the remainder of an 
ingredient — an empirical formula TPn2 (T is chosen from the group of Fe, Ru, Os, Co, Rh, Ir, 
nickel, Pd, and Pt — at least — a kind — ) It is characterized by Pn passing a current to field 
inboard perpendicular to said array direction in the thermoelectrical conversion ingredient which 
the crystal grain of the intermetallic compound which is chosen from the group of P, As, Sb, S, 
Se, and Te, and which is shown by kind at least comes to arrange in the shape of a chain. 
[001 1] the organization of said thermoelectrical conversion ingredient — empirical formula 
LnXT4Pn12 (Ln is chosen from the group of La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, 
Lu, Th, and U — at least — a kind — ) T that it is few as being chosen out of the group of Fe, 
Ru, Os, Co, Rh, Ir, nickel, Pd, and Pt A kind, Pn that it is few as being chosen out of the group of 
P, As, Sb, S, Se, and Te A kind, X — one or less [ 0.2 or more ] — predetermined comes out 
comparatively and each configuration element of the fill DOSUKUTTERUDAITO compound 
shown with a presentation is prepared, and after loading and carrying out vacuum suction into a 
vacuum housing, vacuum enclosure of the regulus which quenched the bottom of a non-oxidizing 
atmosphere and after the dissolution, and was obtained is carried out at a quartz tube etc., and 
it is heat-treated and obtained in a vacuum. 

[0012] A kind of element at least chosen from the element group shown by Pn with high vapor 
pressure is better than the stoichiometric composition of said empirical formula in the case of 
said preparation to prepare mostly about 1 to 1 0% by weight. Moreover, if it alloys with the 
element of an element group beforehand shown by T when a kind of element is chosen from Gd, 
Tb, Dy, Ho, Er, Tm, Lu, and Th with the melting point high among the element groups shown by 
Ln in the case of said preparation at least, it will become easy to attain the stoichiometric 
composition of said target empirical formula. 

[0013] Although the high vacuum of 5x10 - 3 or less Pa is desirable, if the vacuum suction 
before the time of the dissolution is the degree of vacuum of 10 - 5 or more Pa, it is enough. 
Moreover, although gas, such as Ar of 99.99% or more of high grade and helium, has desirable 
purity, if the non-oxidizing atmosphere at the time of the dissolution is 99.9999% or less of purity, 
it is enough. In case vacuum enclosure of the regulus obtained by dissolving is carried out at a 
quartz tube etc., the high vacuum of 5x10-3 or less Pa is desirable. If it may be able to do, the 
high vacuum of 5x10 - 4 or less Pa is desirable, but it is enough if it is the degree of vacuum of 
10 - 5 or more Pa. Each vacuum ambient atmosphere mentioned above is carried out in order to 
prevent oxidation of said thermoelectrical conversion ingredient. 

[0014] In addition, as a solution process accompanied by quenching, although an arc solution 
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process is mentioned, the so-called single rolling method for injecting and quenching on the 
metal drum front face where the heat capacity which is rotating the molten metal after the RF 
dissolution is large besides the arc dissolution, or the congruence rolling method may be used. 
[0015] Although the temperature requirement of heat treatment among a vacuum depends also 
on a presentation, 873K-1023K are desirable. If lower than 873K, a reaction will not progress, but 
if higher than 1023K, the phase which is not desirable will appear on a property. Heat treatment 
time amount has 5 desirable hours or more. Although it depends also on temperature, a reaction 
does not progress in case of time amount shorter than 5 hours. Moreover, the processing time 
longer than 100 hours is not practical. 

[0016] As for the ratio of the remainder shown with said empirical formula TPn2, it is [ in / to 
the whole ingredient including the main part of the ingredient shown by said empirical formula 
LnXT4Pn12 / the cross-section organization of the quenching direction of said regulus ] 
desirable that it is 10% or less of rate of surface ratio. If 10% is exceeded, the thermoelectrical 
property as the whole ingredient will fall. Although 5% or less of ratio is desirable if it may be able 
to do, what is necessary is just 1% or more of ratio. Thermoelectrical property sufficient as the 
whole ingredient can be desired. 

[0017] There may not be the need that the chain-like array of the intermetallic-compound 
crystal grain shown with said empirical formula TPn2 is continuing, and may be discontinuous in 
the shape of an island. Spacing of crystal grain may not be fixed. What is necessary is just to be 
able to specify an array in the quenching direction on pattern recognition in the cross-section 
organization of the quenching direction of said regulus. 

[0018] The direction which passes a current should just be in a field perpendicular to said array 
direction. Moreover, if another expression is carried out, what is necessary is just in a field 
perpendicular to the quenching direction of said regulus. In addition, even if it does not need to 
be correctly perpendicular and leans in plus or the range of 15 minus, sufficient thermoelectrical 
property can be desired. 

[0019] Next, in the thermoelectric element which the thermoelectric element of this invention 
turns into from p mold thermoelectrical conversion ingredient and n mold thermoelectrical 
conversion ingredient which were connected electrically, said p mold thermoelectrical conversion 
ingredient is characterized by being the thermoelectrical conversion ingredient of p mold which is 
the thermoelectrical conversion ingredient of this invention. 

[0020] In addition, what is necessary is just to use known ingredients, such as Bi2(Te, Se) 3, 
Co0.97Ir0.03Sb2.81Te0.04As 0.15, and (Pd0.03Co0.97) Sb3, as an n mold thermoelectrical 
conversion ingredient. 

[0021] The end of p mold thermoelectrical conversion ingredient is connected through as 
common an electrode as the end of n mold thermoelectrical conversion ingredient, and, as for 
the other end of each thermoelectrical conversion ingredient, the electrode according to 
individual is formed. An electrical potential difference occurs between p mold thermoelectrical 
conversion ingredient and n mold thermoelectrical conversion ingredient by heating a common 
electrode to an elevated temperature, cooling the electrode according to individual, and 
distinguishing between each thermoelectrical conversion ingredient edge. Consequently, if 
resistance is connected between the electrodes according to individual, a current can flow and 
power can be taken out. 
[0022] 

[Embodiment of the Invention] The thermoelectrical conversion ingredient of this invention is 
explained below at a detail using an example. 

(Example 1) After it prepared each configuration element shown by empirical formula 
Ce0.9Fe3CoSb12 so that Sb might increase more than a predetermined rate 3% by weight, and it 
loaded with it Haas made from Cu to whom water cooling of [ in an arc furnace ] is carried out 
and it carried out vacuum suction to the degree of vacuum of 2x10 to 3 Pa, the high grade Ar of 
99.999% of purity was introduced to -0.04MPa, it was made the reduced pressure Ar ambient 
atmosphere, and the arc dissolution was carried out. Vacuum enclosure was carried out by the 
high vacuum of ten to 4 Pa at the quartz tube, and the regulus quenched and obtained after the 
dissolution by Haas made from Cu by which water cooling is carried out was heat-treated by 
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973K for 30 hours. 

[0023] When a part of obtained regulus was ground and having been investigated with the X-ray 
diffraction method, it turned out that it is mainly concerned with the phase of the same cubic 
structure as the fill DOSUKUTTERUDAITO compound represented with CoSb3, and the phase of 
the same structure as little Sb2Fe is included. 

[0024] Next, it was checked that the place which gazed at the cross-section organization of the 
quenching direction of a regulus in SEM, and the different-species phase with much Fe deposit 
in the shape of an island in the quenching direction. The rate of surface ratio of a different- 
species phase with much Fe was 3% to the whole cross section. 

[0025] Moreover, it checked that they were the place which analyzed the presentation of the 
obtained regulus by ICP emission spectrometry, and an almost predetermined presentation. 
[0026] The various test samples which have the measurement direction in a field perpendicular 
to the quenching direction of a regulus were extracted, the thermal diffusivity according to an 
optical alternating current anodizing process Seebeck coefficient alpha which prepares a 
temperature gradient in resistivity rho and both ends by 4 terminal method, measures 
electromotive force, and is obtained, and in order to ask for thermal conductivity kappa further, 
the specific heat by differential scanning calorimeter measurement, and Archimedes — each 
measurement of the consistency by law was performed in 300K to 700K, and it asked for the 
non-dimension performance index ZT (Z=alpha 2 rho/kappa) from these results. A result is 
shown in Table 1 . 

(An example 2 thru/or example 7) La0.5Fe3CoSb12, YbFe3CoSb12, PrOs2Rh2Sb12, 
NdFe2nickel2As12, and each configuration element shown with each empirical formula of 
La0.5Ru4P12 were prepared so that Sb, As, and P might increase more than a predetermined 
rate 3% by weight, and the arc dissolution was carried out like the example 1. By 973K, vacuum 
heat treatment was carried out by 973K 923K, and carried [ for 30 hours / for 50 hours ] it out 
by 873K 900K for 30 hours for 30 hours for 70 hours, respectively. 
[0027] Moreover, the alloy of the predetermined ratio obtained by carrying out the arc 
dissolution of Er and the Fe like an example 1 beforehand among each configuration element 
shown with the empirical formula of ErFe4Sb12 was prepared so that Sb might increase more 
than a predetermined rate 3% by weight, and the arc dissolution was carried out like the example 
1 . Vacuum heat treatment was carried out by 873K for 80 hours. 

[0028] The result of having asked for the non-dimension performance index ZT of the obtained 
regulus like the example 1 is written together to Table 1. 
[Table 1] 
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(Example 1 of a comparison) The various test samples which have the measurement direction in 
the field of the quenching direction of the regulus obtained in the example 3 were extracted, the 
thermal diffusivity according to an optical alternating current anodizing process Seebeck 
coefficient alpha which prepares a temperature gradient in resistivity rho and both ends by 4 
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terminal method, measures electromotive force, and is obtained, and in order to ask for thermal 
conductivity kappa further, the specific heat by differential scanning calorimeter measurement, 
and Archimedes — each measurement of the consistency by law was performed in 300K to 
700K, and it asked for the non-dimension performance index ZT from these results. The result is 
written together to Table 1 . 

[0029] An example and the example 1 of a comparison show that the thermoelectrical property 
of a sample of having the measurement direction is high in a field perpendicular to the quenching 
direction of a regulus. 
[0030] 

[Effect of the Invention] As explained above, according to this invention, in the sample of the fill 
DOSUKUTTERUDAITO system in the condition of having heat-treated the regulus which it 
quenched after melting and was obtained, the thermoelectrical conversion ingredient in which a 
high thermoelectrical property is shown in the 700K or less degree region of moderate 
temperature is obtained by passing a current to field inboard perpendicular to the quenching 
direction. 



[Translation done.] 
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d. Tb. Dy. Ho, Er, Tm, Yb, Lu, T 
h. U4>Bfr&Bf*tk«d>tt< T 14 F e . R 

u. Os. Co. Rh. Ir. Ni. Pd. Pt (DBA* 
&S«*L&d>tt< B. Pnf4P, As, Sb. 

S. Se. T eO>»fr&ai*h,«'>«:< it-l, XI* 
0. 2JU-t1 JUT) "C^StlS? -fJUK* * •vT-juy-f 
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l£ F e , Ru, O s , Co, Rh, I r , Ni, Pd. 
P t<D»^6Htf*l4*ft< tt-a* PnfiP. A 
s. Sb. S, Se, T e<Dmfr£>m{£tl&'Pte< t$> 

[oo 1 1 ] wi&mnm.&ttm<Dmmts «stLn x 

T 4 Pni 2 (LnfiLa, Ce. Pr, Nd, S m. 
Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, L 
u. Th. U0>B**&»i*l«d>tt< it-I, TI£F 
e. Ru. Os. Co. Rh. Ir. Ni. Pd. Pt 
(7>»^P>jgtftL4*ft< tt»-«. Pnl*P, As. S 
b. S. Se. Te(DB35>b»ih4*ft<^t-a, 
XIAO. 2£Lb1£TF) ft4ttfiK-e^**L4 7-<^K^ 

**Tju*-f Mbfttta>*«j*5Ea*i?r8a>«d-cBd 

U Jtffi»»rtlc«*LTJlffi3l*Lfctt. Mtlbtt* 

[001 2] «rEH*o>«K 5R»Jia)Ki^p n-c^sti 
j*aoMb*»B«j**y«B*ci&i.~i o%^<i^t 

<&I*K BlJ&^iSl^Gd. Tb. Dy. Ho. Er. T 
m. Lu. T hA*&d>tt< <t 1— «0)7C*'*<illf*t-&* 

£•1*. ^AT-e^$*L45c*»a>7ciRi:**'(bLrfc< 
[oo i 3] »»B*i::*aoX£5l#i*. 5x10-3 

P alsAT<DKJtffiA<a*LL^<. 1 0 ~ 5 P a .£LhO)X 

ffi*-e*tLtf*»-c*4. *fc. iMIBtaMMbttSHB 

9 9%lU-tC0lSM®(DA r . Hef 
(D#Xj&<S*LlM&V 9 9. 9 9 9 9%JsTF0>ttJS"efc 

HffittA-TiBH*. 5xiO-3pattT0)IIS*a 
£Ll\> -e#»*ll*5 x 1 0-4 p aWTOlSIS^i 

* Ll^tf. 1 0 - 5 p a &±<DK££-efc;Kf«fc#-efc 

±j*Lfcxa*BftH\ i^titNBRttiittH 

[OO 1 4] ft* ft)fr*fl£5»#&£ LTf*. 

[OO 1 5] XS4>RftfflSa>adEttBld:. «JSlc«,tt« 
8 7 3 K-1 0 23KA<MSL^o 8 7 3 Kj:yig 
It&KJ&WIS'*'. 1 023Kd:y«t^»S±a*L 



[00.1 6] 8tliaiSifi£5eT P n 2"C***t*»»<0ib* 
14. fllTlEfflfiE5CLnxT4.Pn 1 2^***t**m<B± 

*|6|<DSrffi»«l::*H*T 1 0%WTO)ffl«tb*^fe4C 

[ooi7] miafflfiRa t p n 2"c*^$*i£&jBfHHb^ 

MMBttaaflttEMli. mLti^Mttttft<, 
Xttic^aili-efcoT^iv, tSBttaMMte* -sr*s 
<ul\ mf2*JB«a>m^ifiia)6BT®j(a»izt$i>r. 

/^->B»±. •^*fillcEM*<*fi*#*U*Al*« 
[0 0 18] «Slt*a-T*lRlf*. KtCBXAMlcMtt 

BW-efctiiicfci^ *-fc* ®]fc«R£-r*ui. «rtB*s 

»0)3BL**iRilcM«i:llrt-c**ificfcL^ jEttlc 

[0019] *a930>gMtxax?i±* maifllz 
«tt**lfc p B»**ttttllfcJ:tf n BMtMMtfH* 
•6tt*»«B«HIHFI=fi^r. MEpBRtXIttm 

[0 0 2 0] IH % nM«tt*t»iLrtt, B i 

( 

2 (Te. Se) 3. Coo. 97 I r 0. 03Sb 

2. 8 1 Te 0. 04Aso. 15- &lf (P d 

O. 0 3 Coo. 9 7) S b 3#£<&K»<0tt#*«ffl 

[0021] p BSftaxawfta-aBi* n mmn&mtt 

■C, pfi»«ft«*t»tnB»«K«»»fca)IB^«E 

36<**-r*« * aim, aMamaomrcttfteaa-r 

[0 0 2 2] 

[fBna>aaa>»n] **wo)»m»»»i=oi^, 
wa«*fflt^riaTicBaiicKBf 

(BttMl ) fflfSxCC e o. 9Fe 3 CoSbi 2 t^ 

u«[(D/\-.XlZ»«LT. 2 x 1 0-3 p aCDK^Jt* 
rXB9l«L«=B. SS99. 9 9 9%<Z>iiiii5ej£A r£ 
-O. O 4 M P a $ t^A L tSE A r glgl: L t, 

xr*tL;tLri#bttfr*ll^^. iSfd 0-4 p a 

©XXffi-CXffiSA U 9 7 3Kt3 0B5f H MlL 
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[0023] »e»nfc*«SKD-»t»»Lxi»ig#faE 

'J>m<D S b 2 F e t m i:m&<Dt%*^£ Z £ o 

fco 

[0 0 2 4] ^tt0fitt«ffl<z>tfaiiifi& s e 

[0 0 2 5] 3*/c, »'btl/c^S^cr)$l^^ICP^7 , c 
KBLfco 

[00 2 6] *Ht*0)Si;«»fSll3SiS«:El*ll3aiJS*rS] 
*p. W«ICaUI«*li«*3B«**:»JEU-C»6*i»-lf 

skk T)i**T7,m\z&z>&m.<b&mtts 3ook^ 

h 7 0 0 KGX&H'CfirlK Zft6(DtS*fr£jl&;*7U'ttffi 
«»ZT (Z = a2p/«) £*<fc£ 0 1 I-** 



To 

(HJfiff'J 2 75S*«« 7) Lao. 5Fe3CoSb 
1 2^ YbFe3CoSbi 2x -P r Os 2Rh 2 S b' 
1 2x NdFe2Ni2Asi2v Lao. 5 R u 4 P 
1 2^£*1^^2ft3^*S/#^£v Sb x As, 
P ^Hf^0)M* J; 9 MSr 3 < £> <t o IZM^ L/ v 

^tls 9 7 3 K-C 3 OBSHk 9 7 3 KT5 0RHx 9 2 
3KT?70m 9 00K-C30B5KU 8 7 3 K V 3 0 

[0027] *fc % ErFe4Sbi 2^ffl**^* 
n^*«ric7c*Oi*is ^A6E r hF e£HJfifl)1 £m«R 

- ^7 fern u r f# e n ^m^hbo^^ £ \ sb«t 

0>Md<t9MT?3%*<fcS*?IClB«U ^SS0'J1 

tmmz.7-*mmLizo xsmumi** 8 7 3 KT8 

OflfflMttLfeo 

[0028] mznfr&mtMcomftK&mimzT*. 
mm ] 













Ceo, jFeiC 
oSb t2 


1. 0 


6 0 0 




La 0>6 Fe 3 C 
oSb 12 


0. 9 


6 0 0 




Y b F e 3 C 0 
S b >a 


1. 0 


6 5 0 




P r O s 2 R h 2 


0. 9 


6 8 0 


£fl&09 5 


N d F e 3 N i 2 

A S i 2 


0. 8 


7 0 0 




L a o. D Ru 4 P 

1 2 


0. 8 


7 0 0 


mmm 7 


ErFe^Sb, 


0. 9 


6 9 0 


Jt««i 


Y b F e 3 C 0 
S b , 2 


0. 4 


7 0 0 



®pg cams * * r a ia*4 smurco 4 

3 0 0 K *m=> 7 0 0 KOmfflT-'nlK Ctl«=>C0*S^ 
IBT § o 



[0029] nmmt$£ mmm 1 a* e> s 

[0 0 3 0] 

I*3*la]lc:«ia*af*^ct0s 7 0 0 KiaT(D*«*« 



